e aim of this study was to clarify the relationship between the histological features of GH-producing adenomas surgically resected at the Toranomon Hospital and the clinical features of the patients. Histological examinations, including immunohistochemistry for anterior pituitary hormones and cytokeratin (CK), were performed on 242 consecutively excised GH-producing pituitary adenomas. Immunohistochemistry showed 45% of the adenomas to be monohormonal and 55% to be plurihormonal, producing GH-PRL (77%), GH-TSH (13%), and GH-PRL-TSH (10%). One-fourth of the monohormonal GH adenomas had a dot-like pattern of CK immunoreactivity in the majority of the tumor cells (>80%); they were signi�cantly more common in female or younger patients and usually tended to be larger and more invasive than monohormonal GH adenomas with perinuclear CK. Interestingly, CK-immunonegative adenomas were found in only 5% of the patients; they also showed a tendency to be larger, suggesting that they are a distinct type of GH adenoma with clinically aggressive features. Serum hormone levels correlated well with tumor size only in GH-producing adenomas with a perinuclear pattern of CK immunoreactivity. Each histological subtype of adenoma, classi�ed according to the pattern of CK immunoreactivity, was associated with distinct clinical characteristics. is information is useful for understanding the pathophysiology of acromegaly-causing GH-producing adenomas.
Introduction
Acromegaly is a syndrome caused by overproduction of growth hormone (GH), which is secreted, in majority of the patients, from GH-producing pituitary adenomas [1] . It is well known that GH-producing pituitary adenomas oen coexpress prolactin (PRL) and, less frequently, thyroid stimulating hormone (TSH) [1] . Production of anterior pituitary hormones in nonneoplastic as well as neoplastic cells is controlled by several transcription factors and cofactors [2] . Accumulating evidence supports the hypothesis that normal and adenoma cells expressing GH, PRL, and TSH are regulated by the pituitary-speci�c transcription factor-1 (Pit-1) and, therefore, belong to the Pit-1 cell lineage [2] [3] [4] [5] [6] [7] .
Histologically, monohormonal GH-producing adenomas are classi�ed in two subtypes, densely granulated (DG) and sparsely granulated (SG), based on the density of secretory granules in the cytoplasm of the adenoma cells [1, 8, 9] . ese two types of tumors appear to have different clinical, endocrinological, and neuroimaging features [9] [10] [11] [12] [13] . It is therefore of importance to identify their histological subtypes. DG-and SG-type cells have different cytoskeletal features, with or without the formation of �brous bodies, the hallmark of SG type cells, which are globular aggregations of intermediate �laments as seen on electron micrographs [13] [14] [15] [16] [17] . is spherical aggregate can also be detected as dot-like structure immunostained with an antibody against cytokeratin (CK). In DG type cells, CK immunostaining is perinuclear [12, 13] . Adenomas are diagnosed according to the ratio of DG-and SG-type features, which are conventionally distinguished by the pattern of distribution of CK [12, 13] . e distribution of CK also varies in plurihormonal GH adenomas. ese adenomas are histologically subcategorized by electron microscopic analysis. However, the subtypes are difficult to predict on the basis of the CK pattern alone [8] .
In this study, we examined pathological features of pituitary adenomas surgically resected from 242 patients with clinical symptoms of acromegaly. e adenomas were subcategorized according to hormone secretion and CK distribution assessed by immunostaining. Clinicopathological correlations with the clinical features of the patients were established retrospectively.
Materials and Methods

Patients and Clinical Data.
Pituitary adenomas surgically removed from acromegaly patients admitted to the Toranomon Hospital (Tokyo, Japan) from 2008 to 2010 were analyzed. e patients� ages, sex, and hormonal pro�les were obtained from clinical records. Basal plasma levels of GH, as well as insulin-like growth factor-(IGF-) 1 and PRL and TSH levels, were measured in the morning aer overnight fasting. Maximum tumor diameter, tumor volume, Knosp grade, and sphenoid sinus invasion were evaluated. Sixty�ve patients who had been treated before surgery (55 with somatostatin analogues, 8 with dopamine receptor subtype-2 agonist, 2 with both agents) were excluded from analysis of GH and IGF-1 levels, maximum tumor diameter, tumor volume, Knosp grade, and sphenoid sinus.
Imaging
Studies. e maximum tumor diameter was measured by preoperative magnetic resonance imaging (MRI). e tumor volume was estimated on axial, coronal, and sagittal MRI sections as follows: 0.5 × width × length × height [18] . Cavernous sinus invasion by the tumor was classi�ed by MRI according to Knosp et al. [19] . Sphenoid sinus invasion or bony destruction of the sellar �oor was judged by a preoperative computed tomography (CT) scan. Patients with a documented history or MRI �ndings of pituitary apoplexy were excluded from this study.
Histological Studies.
Surgically removed adenoma tissues were �xed in 10% formaldehyde and embedded in paraf�n and cut in 3 m thick sections for hematoxylin-eosin (HE) and immunohistochemical staining. Immunohistochemistry was performed with the avidin-biotin-peroxidase method. Sections were incubated with the following antisera: anti-GH (Dako, Carpinteria, CA, USA; A0570), anti-PRL (Dako, Carpinteria, CA, USA; A0569), anti-beta subunit of TSH (Kyowa Medex Co., Ltd, Tokyo, Japan), antiAdrenocorticotropic hormone (ACTH) (Dako, Carpinteria, CA, USA; A0571), anti-Follicle stimulating hormone (FSH) (BioGenex, San Ramon, CA, USA; MU026-UC), antiLuteinizing hormone (LH) (Nichirei Biosciences Inc, Tokyo, Japan), anti-CK (CAM 5.2) (Becton Dickinson, San Jose, CA, USA), and anti-Pit-1 (BD Biosciences, San Jose, CA, USA).
Based on hormone staining, the adenomas were subclassi�ed as GH, GH-PRL, GH-TSH or GH-PRL-TSH adenomas. Each group was further divided into 3 categories according to the pattern of CK staining: tumors with a perinuclear pattern of CK (PP), those with dot-like pattern of CK (DP), and those immunonegative for CK (NP). Adenomas are oen composed of a mixture of cells with perinuclear and dotlike patterns; these have clinical features similar to adenomas with the predominantly perinuclear pattern cells, with regard to sex, age, hormone levels, tumor size, and invasiveness [20, 21] , and were, therefore, included in the PP category. e latter was further subdivided into a perinuclear predominant group (P-pre), if more than 80% of the cells had perinuclear CK immunoreactivity, and a perinuclear intermediate group (P-inter), when 20% to 80% of the cells had a dot-like CK pattern. Adenomas in which more than 80% of the cells had a dot-like CK pattern were classi�ed DP. e representative staining patterns of P-pre, P-inter, and DP and NP adenomas are shown in Figure 1 .
Statistical
Analysis. e data were analyzed by the Chi square test, Mann-Whitney test, and regression analyses. Di�erences were considered signi�cant at values <0.05.
Results and Discussion
Patient
Pro�les. e clinical data of the patients are summarized in Table 1 . e age at diagnosis ranged from 18 to 77 years (mean ± SD: 48.0 ± 12.9), and the gender distribution was comparable (107 males and 135 females).
e Incidence of Monohormonal and Plurihormonal GH
Adenomas. ere were 108 monohormonal GH adenomas (45%) and 134 plurihormonal adenomas (55%) ( Table 2 and Figure 2 ). e plurihormonal group contained three types of adenomas, GH-PRL (103/134 cases, 77%), GH-TSH (18/134 cases, 13%), and GH-PRL-TSH adenomas (13/134 cases, 10%). Plurihormonality is commonly observed in GHproducing adenomas, around half of which are reported to contain PRL [8] . Yamada et al. reported that 13 out of 31 growth hormone-producing adenomas (42%) were plurihormonal: GH-PRL (7/13 cases, 54%), GH-TSH (3/13 cases, 23%), and GH-PRL-TSH adenomas (3/13 cases, 23%) [13] . More than half of the GH-producing adenomas in our study expressed PRL and/or TSH. All of the examined adenomas were Pit-1-positive, indicating that the acromegaly-causing pituitary adenomas were of the Pit-1 lineage.
F 1: Immunohistochemical staining of cytokeratin (CK) in adenomas. In predominantly perinuclear (P-pre) perinuclear pattern (PP) adenomas most of the cells have perinuclear CK immunoreactivity. Intermediate (P-inter) PP adenomas contain a mixture of cells with either dot-like or perinuclear patterns of CK. In dot-like pattern (DP) adenomas, dot-like immunoreactivity was detected in more than 80% cells. In negative pattern (NP) adenomas, no signi�cant CK immunoreactivity was detected. 
Categorization of the Adenomas by eir CK Patterns.
e monohormonal and plurihormonal GH-producing adenomas were further subcategorized according to the distribution of CK immunoreactivity in the cytoplasm. In monohormonal GH adenomas, DG-and SG-type cells can be distinguished, respectively, by their perinuclear or dotlike patterns of CK immunoreactivity in the cytoplasm [10] [11] [12] [13] [14] [22] [23] [24] . �e �rst examined di�erence between P-pre and P-inter pro�les in the monohormonal and plurihormonal adenomas. ere were no signi�cant di�erences in age, sex, basal GH level, IGF-1 expression, maximum tumor diameter, tumor volume, Knosp grade (>3), and sphenoid sinus invasion, with the exception of IGF-1 levels in GH-PRL adenomas, which were higher in the P-pre than in the P-inter group (749 ± 297 versus 574±203, 0 0 5). us, the P-pre and P-inter types had similar clinical features, justifying their inclusion in the category of PP adenomas.
PP adenomas were the major subtype in all of the monohormonal and plurihormonal GH adenomas: 70% of GH, 89% of GH-PRL, 85% of GH-TSH, and all of GH-PRL-TSH adenomas. DP adenomas were less frequent: 25% of the monohormonal GH adenomas and 5% of GH-PRL adenomas. None of the GH-PRL-TSH and GH-TSH adenomas were classi�ed DP. �nly 5% (13/242) of the adenomas were negative for CK. 
Clinicopathological Correlations.
e results were summarized in Table 2 . Monohormonal GH adenomas classed as DP had distinct clinical features. Although basal GH levels and IGF-1 levels did not di�er signi�cantly between PP and DP adenomas, the latter occurred frequently in females, at a signi�cantly younger age, they were larger and more advanced according to the Knosp classi�cation, consistent with previous reports [10-13, 22, 25] . One of the characteristic ultrastructural features of sparsely granulated adenomas is formation of �brous body, which could be identi�ed as a dot-like pattern by CK immunestaining. us, the DP GH adenomas represent sparsely granulated somatotroph adenomas known to demonstrate distinct clinical features. In contrast, the clinical features associated with PP and DP types of plurihormonal GH-PRL adenomas were similar. ese results indicate that subclassi�cation according to the distribution of CK will help to identify clinically aggressive monohormonal GH adenomas, as previously shown, but not plurihormonal adenomas. Among the CK-negative (NP) adenomas in our series, there were 4 GH, 7 GH-PRL, and 2 GH-TSH adenomas. e NP GH-PRL adenomas were signi�cantly larger in size and had lower GH levels compared to PP GH-PRL adenomas. NP GH adenomas also tended to become larger than PP GH adenomas. NP GH-TSH adenomas did not di�er signi�cantly from PP GH-TSH tumors, but this might be attributed to the small number of such tumors in our series. Yoneda et al. reported a case of a Pit-1 lineage macroadenoma, with weak GH, PRL, and TSH immunoreactivity, and no cytoplasmic CK staining [26] ; however, the clinicopathological features of NP GH-producing adenomas have not been well discussed. It will be necessary to accumulate more cases of CK-negative adenomas to determine whether the NP adenoma is a distinct type of pituitary adenoma with potentially aggressive clinical features.
Serum Hormonal Levels and Tumor
Sizes. Unlike prolactinomas, clear correlations have not been established between the size of GH-producing adenomas and serum GH levels [9, 27, 28] . In our study, basal GH levels strongly correlated with tumor volume in PP type monohormonal GH adenomas and GH-PRL adenomas ( and , resp.) ( Figure 3 ). In DP-and NP-type adenomas, however, correlation between basal GH levels and tumor volume was not observed. Serum PRL levels also correlated with tumor volume in PP-type GH-PRL-TSH adenomas and tended to correlate with tumor volume in PP GH-PRL adenomas (Figure 4 ).
Conclusions
We examined the clinicopathological features of GHproducing adenomas resected from a large series of 242 acromegaly patients. All of the adenomas were of the Pit-1 lineage and consisted of monohormonal GH adenomas (45%) and plurihormonal (GH-PRL, GH-TSH, and GH-PRL-TSH) adenomas (55%). In the group of monohormonal GH adenomas, DP adenomas with CK-positive dot-like structures in a majority of the cells (>80%) were distinguished by the age and sex distribution of the patients, the size of the tumor, and its invasiveness. A small number of adenomas without CK immunoreactivity (5%) also showed a tendency to grow larger in size. us, cell typing according to the distribution of CK immunoreactivity will help to distinguish potentially aggressive GH-producing adenomas in acromegaly patients.
